We analyzed the adhesion capacity to mucus of 31 Lactobacillus pentosus strains 24 isolated from naturally fermented Aloreña green table olives using an immobilized 25 mucin model. On the basis of their adhesive capacity to mucin, three phenotypes were 26 selected for cell-wall protein proteomic analysis to pinpoint proteins involved in the 27 adhesion process: the highly adhesive L. pentosus CF1-43N (73.49% of adhesion 28 ability), the moderately adhesive L. pentosus CF1-37N (49.56% of adhesion ability) and 29 the poorly adhesive L. pentosus CF2-20P (32.79% of adhesion ability). The results 30 revealed four moonlighting proteins over-produced in the highly adhesive L. pentosus 31 CF1-43N, which were under/not produced in the other two L. pentosus strains (CF1-32 37N and CF2-20P). These proteins were involved in glycolytic pathway 33 (phosphoglycerate mutase and glucosamine-6-phosphate deaminase), stress response 34 (small heat shock protein) and transcription (transcription elongation factor GreA). 35 Furthermore, the relative fold change in gene expression analysis showed significant up-36 regulation of the genes coding for these four moonlighting proteins in the highly 37 adhesive L. pentosus CF1-43N versus the poorly adhesive L. pentosus CF2-20P and 38 also in response to mucin for 20 h which clearly indicate the significant role of these 39 genes in the adhesion capacity of L. pentosus. Thus, these proteins could be used as 40 biomarkers for mucus adhesion in L. pentosus. On the other hand, mucin exposure 41 induced other probiotic effects in L. pentosus strains, enhancing their co-aggregation 42 ability with pathogens and possible inactivation.
7 2.5. Image analysis and trypsin digestion 169 Gel imaging, spot detection, matching, and quantitation were carried out using 170 PDQuest 8.0.1 data analysis software for 2D gel electrophoresis (Bio-Rad). Spots 171 intensities were normalized to the total intensity of valid spots, and both qualitative and 172 quantitative analyses were performed. To determine the differential production of a 173 protein, a protein was considered under-or overporduced when spot intensities passed 174 the threshold of at least a twofold difference (one-way ANOVA, p-value < 0.05), as loaded on a trapping column (Aclaim PepMap, C18, 300 μm × 5 mm (ID × length), 184 5 μm particle size, 100 Å porosity, Thermo Scientific). After washing, the mixture was 185 separated using a 40 min linear gradient from 5% of 0.1% of formic acid (FA) in water 186 to 90% of 0.1% FA in acetonitrile at a flow rate of 250 nl/min on an analytical nanoLC 187 column (Acclaim PepMap RSLC, C18, 75 µm × 500 mm (ID × length), 2 mm particle 188 size, 100 Å porosity, Thermo Scientific). The mass spectrometer was operated in data- The mucin-adhesion capacity of each L. pentosus strain (i.e., highly, moderately and 211 poorly adhesive phenotypes) was examined using scanning electron microscope (SEM) 212 according to the methods described by Nyenje, Green, and Ndip (2012) with some 213 modifications. For this, sterile stubs were introduced in sterile centrifuge tubes with 5 214 ml of Porcin mucin solution (1 mg/ml) in PBS, as described above, for 1 h at room 215 temperature, and then incubated overnight at 4°C. Further, the stubs were removed, 216 washed twice with 5 ml of sterile PBS and then added with 5 ml of a bacterial 217 suspension (10 8 CFU/ml) prepared as described above (paragraph 2.2). The stubs were 218 incubated for 1 h at 37°C and then they were washed five times with 5 ml of sterile 219 citrate buffer to discard unbound bacteria. Then, the stubs were removed, and the 220 bacteria were fixed using 4% formaldehyde for 1 h at room temperature and then 221 dehydrated in a series of 20, 40, 60, 80, and 100% ethanol solutions (15 min each).
222
Finally, the stubs were frozen at -80ºC overnight, freeze-dried for 4 hours and sputter- Primers and annealing temperatures used in this study are described in Table 1 . the presence of 0.1% mucin (prepared as described above, paragraph 2.2.). After (Table 2 ). We therefore selected three strains with significant (p < of highly and poorly adhesive L. pentosus strains were very similar; however, the 289 moderately adhesive L. pentosus strain showed several disctinctive proteins (Fig. 1 ).
290
Eleven of the observed proteins displayed differential production levels; among them, 291 nine were over-produced in L. pentosus CF1-43N (HA), seven in L. pentosus CF1-37N
292
(MA) and one in L. pentosus CF2-20P (PA) ( Table 3 , Table S1 ). All proteins were 293 identified using L. pentosus DSM 20314 or L. pentosus KCA1 proteome (Table 3) .
294
Among the differentially expressed proteins, four could be linked to the ability of L. 295 pentosus strains to adhere to mucus, as they were found in higher amounts in the cell-296 wall proteome of the highly adhesive strain CF1-43N, as compared to strains CF2-20P 297 and CF1-37N (Table 3, Table S1 ). These proteins were phosphoglycerate mutase To elucidate variations in adhesion capacity of L. pentosus strains, SEM images 305 revealed differences in adhesion to mucin especially between the highly and the poorly 306 adhesive strains (Fig. 2) . Microscopy revealed that the poorly adhesive L. pentosus 307 CF2-20P used other adhesion mechanisms since mucin induced biofilm formation ( Fig.   308 2 F-G), which was not evident in the HA strain. As such, it could be presumed that the 309 highly adhesive strain relied on surface properties for attachment. adhesive L. pentosus CF2-20P except for nagB gene (Fig. 3) . The highly adhesive L. 319 pentosus CF1-43N (without mucin) was considered as control for mucin exposure and 320 set to one. The fold changes in the expression of pgm, nagB, greA and shsp genes in 321 response to mucin exposure in the highly and poorly adhesive strains CF1-43N and 322 CF2-20P, respectively were shown in Figure 3 . There was a significant up-regulation of 323 pgm, nagB and greA genes in the highly adhesive L. pentosus CF1-43N when exposed 324 to mucin for 20 h and the fold change was ranging from 2.6 to 5. However, only pgm 325 was up-regulated in the poorly adhesive L. pentosus CF2-20P, while shsp gene was 326 under-regulated in the presence of mucin (Fig. 3) . hand did not exhibit improved co-aggregation with these bacteria after mucin exposure 334 (Table 4) . corresponded to mucin-exposed L. pentosus CF1-43N and L. pentosus CF2-20P, 698 respectively. *significant differences between controls of both strains without mucin 699 (P < 0.05). **significant differences between the same L. pentosus strain in the 700 presence and absence of mucin (P < 0.05).
